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II-A Mainframe Code 

The mainframe version of the code (RCEMAP), which receives primary emphasis herein, 
was developed in a VAX 8600 VMS mainframe environment and requires that or an 
equivalent class of computing system to run successfully. A description of the scope 
of RCEMAP is presented first. Next, there is a section on running RCEMAP, including 



Numbers in parentheses denote references, given at the report’s end 
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gate is simply an orifice of specified area and discharge coefficient open to an infinite 
plenum. Flow through the wastegate is 1-D, compressible and quasi-steady. 
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To prevent confusion, the authors will state several conventions used in this report. 
The top center (TC) rotor position is shown in Figure III-2(a). In this position, the 
chamber of interest (the shaded area) has the minimum area or volume and is adjacent 
to the spark plug. Figure III-2(b) illustrates the bottom center (BC) position. The 
rotor is again at a minimum volume position, but now adjacent to the ports. 



ters; friction parameters; and mathematical constants governing code flow. The user 
has the option of providing inputs or relying on default values. Below are general de- 
scriptions of the six RCEMAP input categories. More detailed descriptions of numerous 
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modynamic system. Mass crosses the system boundaries via the intake port (a), the 
exhaust port (b), the fuel injector (c) or as leakage and crevice flows at the seals (d 
and e). All leakage and crevice flows are lumped at the apex seals, thoueh. in the real 
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Like the combustion chamber, intake and exhaust manifolds are modeled as open 
thermodynamic systems with uniform temperature, pressure and composition (simple 
emptying and filling model). Schematics of the intake and exhaust manifold models 
are given in Figure III-7. Greater accuracy in prediction of manifold behavior might 
be possible through use of Pearson’s (7) or Chapman’s (8) one- dimensional manifold 



pressures are known, the compressor and turbine pressure ratios 
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developed. There are currently no other references available for RCEMAPPC. 




Figure 111-1: Engine Configurations 




(c) Turbocharged RCE 










Figure 111-2: Rotor Position 
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Figure 1 1 1-6: One-Dimensional Heat Transfer Model 
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Table 111-7: Manifold Models 



IV RUNNING RCEMAP 


d 

■+j 

r*H 
• »-H 


V-J 

CD 



d 



-m 

M 

o 

■xT 

-*-> 


d 


d 

uT 

fH 

pT 

CD 

(H 

d 

i ( 
0 

d 

Xi 

CD 

CD 

d 

tH 

CD 

^=1 

CO 

u 

CD 

O 

H) 

> 

^2 

CO 

-+-5 

vT 

d 

M-i 

0 

jd 

0 


XJ d 

<D g 
-M CD 
u d 

CD ^ 


-2 P 

Ph 

o ° 

■eS*s 


X bp 
■+* d 
d ‘Eb 
O m 


d 0) 

CD ^ 

s I 

a u 

ti 2 

2 X 
‘o SP 


DVD 

a X X 


f-l *-4 t> 

« o g 

"d >S 

Sf i o 

*-d i r "d 

« ^ D 

g a !2 

'S <2 V 

g x -d 

£ ■** ce 

03 S .2 

^ H lH 

*8 S S 

-+-» w d 

d u 

.3 J2 CD 
O C§ -d 
CD ^ 

M) D "3 

a “ a 

.S G 

■+3 u 
d bC 

8 ^ L g 

> ^ a 2 

0 .5 te 

D “ 

bo 03 d 
d ^ c 
*3 ^ to 

, ^ © Jh j 
o -9 

j! CO td 

S 00 ^ 

> ^ o 

13 & 

1 > J 

U CD *-d 
D ^ bO 

a a 
3 §2 
'p.Zv 

•§ *1 6 

2d® 

B in “ 

o o 
>o Si o 
co r* © 

00 w 00 

X *»X J 
<J d <! 5 
'> 8 > 2 


d ^ * 

Q 0 X* 

d to 
£ XJ to 

.2 <t> d 

VD X> u 
O CD w 
o d d 
</3 d ^ 

!S s § 

t-( *— j d 
^ « » 
"j 2 g 

^d O 


m CD q 

.2 ‘C e 

pr ■ O {rj 

^ 03 ^ 

• CD 

Si ^ ^ 
s •* 13 

g .2 .a 

ffj (D &H 

w t-i 

d 0) -t 

H d <D 

2 - S 

O O 
^ X <n 

| Z ft 

jd . a 
(0 tj s 

|.l 8 

C « d 

S | * 
-S <* -a 

d g 

a 

^ d a 

(D -3 2 

^ 2 rd 

£ .3 Eh 

^ £ 10 

d 5 <d 

.2 <d 3 

ts a u 

s § s 

W bO .2 
[S O u 
f* *h d 


CD 

CD 


CD 

bO 

1 

<D 

d 

I 

d 

• «-i 

bO 

CD 

eg 

*> 

*5b 

t d 

fH 

CD 

CD 

* 

d 

*d 

d 

CD 

CO 

d 

.2 

*G 

CD 

CD 

CO 

to 

CD 

d 

0 

0 

O 

6 

CD 

4-3 

4-3 

4-3 

"d 

6 

»— { 

d 

oT 

M 

nd 

XJ 


§ 

(-i 

d 

CD 

CO 

d 

■4-3 


d 

d 

*+■» 
• H 

CO 

CD 

rd 

H 

d 

tH 

CD 

’S 

d 

XJ 

CD 

CD 

<2 

d 

o 

CD 

a 

a 

0) 

CD 

> 

d 

• pH 

CO 

Ml 

G 

D 

in 


CD 

CO M 

d d 

d a 
"S <D 

X l-t 

cd a' 


x3 a 


£ ° 
o ^ 


• § d 
03 PD 


H CD > Dh O *w 


w w 

^ -a 

d CD - 

o u 

^ CD , 

•> to 
w 

^ w 

<D -rt 

2 d 

Oh O 1 


w 3 

<D (D 3 

cn rn 

•5 o g 

d o oi 

d fl ) , . 


T3 ^ 
d d 
d ^ 

a; <d 

^ -* 
o 

° >> 

+* *X$ 

IH J ^ 
O d CD 
_ *d bJO 

d B b 
o S d 
<d 

« ^ 2 


Ph w a> 

H w d 
C <d .d 
d u bo 

o 2 d 

pL « « 

" — ' CD <D 
f-t rj 
JD (tf 73 

w tn 
cc3 CD CD 

O . CD 
CD -d _Cj 
^ <-> L> 

s a ^ 
d g ^ 

W • , 

Tj W "U 

0 0> CD 


^ d u 

CD O co 


w a ^ 

.a ^ 

d CO <D 

2 Id 

e2 § & 


T) s o 
d R J 2 
d 0 

ft -Si 

n * g 

S § JS 

5 <D +-> 
_Q 


CD 

d 

6 

a 

0 

^5 

M 

* pH 
4-3 

• 



CD 

H 

XJ 


d> 

d 


a 

w 

• 

d 

o 

CD 

HH 


<c} 


•=£« 

4-3 

CO 

W 

d 

<D 

r--H 

a 

CD 

gd 


a 

V 

CD 

CD 

43 

Jd 

4-3 

E 

d 

4-3 



to 

CO 

CD 

CO 

Ph 

SI 

5s; 

W 


lu d •- 
d d g 



each .TRUE, value of variable LDEBUG in file ROTARY. INP. The output files are listed 



bocharger operation, RCEMAP interpolates compressor and turbine flow and efficiency 
maps. Because turbocharger operation influences engine operation and vice versa, 
turbocharged engine cases take more cycles to converge than naturally aspirated or 
supercharged engines. 



Output file RCEMAP. OUT is shown in Table IV-6. Output file RSHORT.OUT was not 
included in this section because it was very long. Figure IV-2 shows the engine map 



generated for example 2. Only the data were generated by RCEMAP; RCEMAP does not 




the turbocharger and engine may be incompatible. When RCEMAP has turbocharger 
matching trouble, it writes error messages to the screen and to file RSHORT.OTJT. Usu- 




As more and more users run RCEMAP, it is likely that errors and/or other problems will 
turn up. The authors would be grateful to those users who notify them of programming 
errors or any other difficulties. 




Table IV-1: Sample Input File RCEMAP.INP, Case 
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Table IV-3: Output File RCEMAP.OUT, Case 
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Table IV-4: Output File RSHORT.OUT, Case 1 
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EQUIVALENCE RATIO [(F/A) / (F/A)S] = 0.600 
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(MS) > 0.24 

BURN DURATION (10 - 90*/.) 

(CRANK ANGLE) > 25.99 
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Read: the number of engine speeds, n(rpm), equivalence 
ratios, n(phi), and altitudes, n(alt) 
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Rotor Face Heat Transfer 

For IRTPRO = 1, the rotor face surface temperature is input as variable TROTI in 
namelist NLHEAT of input file ROTARY. INP. The value of rotor face surface temperature 
is not varied during program execution when IRTPRO = 1. 

For IRTPRO = 2, the user inputs a rotor surface temperature history via namelist RPROF 
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a map reference number and columns 7 — 72 contain the map title. The second line is 
currently not used (though it will be if variable area turbine is used). It should have 
the letters ANGL in the first four columns, the number 1 in column 6 and the number 



o> 





Table V-l: Namelist RUNRCE, file RCEMAP.INP: 
Variables’ Descriptions 
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6000 rpm and 8000 rpm for each altitude and equivalence ratio. 

e.g., if NPHI equals 3, PHIL equais 0.4 and PHIH equals 0.8, RCEMAP is run at equivalence 
ratios 0.4, 0.6 and 0.8 for each altitude and engine speed. 



Table V-2: Namelist RUNRCE, file RCEMAP.INP 
Variables’ Values and Units 
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Table V-6: 



In variable types, I denotes integer, L denotes logical and R denotes real, single pre- 
cision. Numbers in parentheses denote the dimension (number of values) for the 
variable. 

Further explanation of turbomachinery inputs is found in section V-C. 
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Variables’ Descriptions 



iable types, I denotes integer, L denotes logical and R denotes real, single pre- 
. Numbers in parentheses denote the dimension (number of values) for the 
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Table V-10: Namelist NLHREL, file ROTARY. INP: 



In variable types, I denotes integer, L denotes logical and R denotes real, single pre- 
cision. Numbers in parentheses denote the dimension (number of values) for the 
variable. 
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Table V-12: Namelist NLPORT, file ROTARY. INP: 
Variables’ Descriptions 



In variable types, I denotes integer, L denotes logical and R denotes real, single pre- 
cision. Numbers in parentheses denote the dimension (number of values) for the 
variable. 
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Table V-14: (Continued) 



ble types, i denotes integer, L denotes logical and n, denotes real, single pre- 
Numbers in parentheses denote the dimension (number of values) for the 
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Table V-18: Namelist NLEMAN, file ROTARY. INP: 
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In variable types, I denotes integer, L denotes logical and R denotes real, single pre- 
cision. Numbers in parentheses denote the dimension (number of values) for the 
variable. 
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In variable types, I denotes integer, L denotes logical and R denotes real, single pre- 
cision. Numbers in parentheses denote the dimension (number of values) for the 
variable. 



Table V-21: Namelist NLWRIT, file ROTARY. INP: 



LSI deg Either .TRUE or .FALSE. 

TPRINT deg Typically, TPRINT = 10. If TPRINT is too small, 

output may be voluminous. 

TPRINX deg Typically, TPRINX = 5. If TPRINX is too small, 

output may be voluminous. 
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Table V-22: Namelist NLCONV, file ROTARY. INP: 
Variables’ Descriptions 
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Table V-23: Namelist NLCQNV, file ROTARY. INP 
Variables’ Values and Units 
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Table V-24: Namelist ACOOL, file ROTARY. INP: 
Variables’ Descriptions 
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Table V-26: Namelist ICOOL, file ROTARY. INP: 
Variables’ Descriptions 
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Table V-28: Namelist NLAPEX, file ROTARY. INP: 
Variables’ Descriptions 



In variable types, I denotes integer, L denotes logical and R denotes real, single pre- 
cision. Numbers in parentheses denote the dimension (number of values) for the 
variable. 


Table V-29: Namelist NLAPEX, file ROTARY. INP: 
Variables’ Values and Units 




Table V-30: Namelist NLSIDE, file ROTARY. INP: 
Variables’ Descriptions 



Table V-31: Namelist NLSIDE, file ROTARY. INP: 
Variables’ Values and Units 


Variable Units Typical Values 

SIDEB cm For a 40 in 3 engine, SIDEB = 0.18 

SIDEH cm For a 40 in 3 engine SIDEH = 0.24 

SIDECF Typical value: 0.06 
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Table V-32: Namelist NLOILS, file ROTARY. INP: 
Variables’ Descriptions 
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Table V-34: Namelist EXHFL, file ROTARY. INP: 
Variables’ Descriptions 



Table V-35: Namelist EXHFL, file ROTARY. INP: 
Variables’ Values and Units 
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Table V-36: Namelist ROTORB, file ROTARY. INP: 
Variables’ Descriptions 


6 

in 

bO 

.E a; 


E 

O 


u 

u 

03 

a? 

Q 


0) 

a 

H 


M 

E 

03 

u 

O 

43 

c 

(H 


U 

03 

'I 

£ 


0) 

a 

nJ 

♦ H 

r d 

bO 

a 

*E 

E 

03 

.P 

M 

o 

-4-3 

o 


bO 

.S 

*E 

e 

<u 

X> 

M 

o 


03 

4-3 

K*"} 

-O 

TJ 

a; 

’E 

tj bO 

u cl 


a> 

03 

O 

Ph 

• f-H 
-*-=> 
E 
a? 
cj 


03 

o 

u 

03 


JE r£4 
bO bO 

• f-4 • rH 

a> a; 

£ * 

-a o 
E -g 

J 51 


a 

cj 

0) 

u 

E 

E 

(4 

E 

03 


bO b£> 
E E 
‘E *E 

E E 

03 0) 

*4 u 

o o 

4-3 4-3 

C§ (S 


f-. tf 




03 

3 



.2 

m 


*C 

05 

3 aS 



Q 3: 


§ S 

> o 


S JS 

S 

bO ^ 
E ^ 

•8 S 

_T E 


E 


E 


8 * 
$ *0 

43 

o *-» 

E « 

g ^ 

T3 6 

g 

-d v “' / 
E pj 
e o 

‘w 
g E 
-S SJ 

w) a 

o .5 

^ -d 

03 

03 

1 * 

TJ 

E 
^ <u 
»h nd 
o> 

bO w 

<D 03 
43 03 

E g 

rE 


03 

03 

43 

o 

E 


E 

03 

(4 

E 

B O, 
r E ^ 


„r 03 

^ M 
03 <D 

a 

JS | 


£ 


j rO 

4 E 


u 

e 

> 


cu 

£5 


>* 

aS 

-=4 

0 “ 
ai *2 

£ & 

* Z. 

- ^ 
pq E 

pE cd 
a 

H w 

S g 
ai S 

•+^> a 

.2 > 

1 « 

1 1 

• • H 
b- .C8 

w > 
> 

3 


03 

a? 

E 

i 

3 

w 

• ^4 

a 

H 


03 
4^ 
• H 

E 

& 


0) 

E 

5 


bf) 

1C 

i3 

E 

*5b 

E 

0) 


o 


<D 

03 

O *E 


O 

(4 


o 

a 


6 

CJ 

csi 1> 


0) E 

E g 

O w 

cd ^ 

u O 

o ^ 


> > 


PH 

H 


6 

o 

1— t 

o 

o 


a ) <d v <o 

E E E E 


cd cd 


cd E E cd cd 

u u u u o 


Oh Pc Ph Ph 

K*~> K*^ K*^ 

H H H H 


bO 


03 

03 

*0 

( Ph 

43 

E 

03 

03 


a 

CJ 


03 

»*— H 

.o 







pq 

PQ 

pq 

PQ 

« 

*C 

aS 

aJ 

aS 

aS 

aS 



Q 

*- 5 ‘ 

> 

o 


t- 



Table V-38: Namelist MAINB, file ROTARY. INP: 
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Table V-39: Namelist MAINB, file ROTARY. INP: 
Variables’ Values and Units 


Variable Units Typical Values 

NMB Typical value: 2 

DMB cm Typical value: 5 cm 

WMB kg Typical value for a one rotor 40 in 3 engine: 6 kg 
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Table V-40: Namelist NLWG, file ROTARY. INP: 
Variables’ Descriptions 



Table V-41: Namelist NLWG, file ROTARY. INP: 
Variables’ Values and Units 


Variable Units Typical Values 

p^Gl atm Dependent on turbocharger turbine. Typical value: 

1.8 atm. 

PWG2 atm Dependent on turbocharger turbine. Typical value: 
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Table V-42: Namelists HPROF, SPROF and RPROF , file ROTARY. INP: 
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points are given in section V-B. 

TRSEG R(30) The only variable in namelist RPROF, TRSEG(I) 

is the rotor face temperature history for 
the cycle. Crank angles corresponding to 
TRSEG entries are found in section V-B. 
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Table V-43: Sample of Input File HHEAT.INP 
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Table V-44: Namelist H0US1, file HHEAT.INP: 



Table V-45: Namelist H0US1, file HHEAT.INP: 
Variables’ Values and Units 


HHCD0L 5 ? k Example: HHCOOL = 158., 153., 151., 

150., 150., 150., 150., 150., 150., 150., 155., 

162., 168., 178., 190., 210., 223., 250., 271., 

270., 263., 240., 223., 197., 188., 175., 169., 

166., 162., 160. 
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Table V-46: Namelist H0TTS2, file HHEAT.INP: 
Variables’ Descriptions 
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Note that three values were given, even though there 
are only two layers. For an 11 mm thick all aluminum 
housing, 

HCOND = 240., 240., 240. 
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Table V-50: Sample of Input File SHEAT.INP 
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Table V-56: Namelist R0TIN1, file RHEAT.INP: 
Variables’ Descriptions 
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Table V-58: Namelist R0TIN2, file RHEAT.INP: 
Variables’ Descriptions 
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Table V-61: Sample Compressor Pressure Ratio Table 
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Table V-63: Sample Turbine Flow Table 
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Table V-64: Sample Turbine Efficiency Table 
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Figure V-1 : Typical Compressor Map 
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turbocharger performance is summarized. Table VI-10 is RSHORT.OUT tor example 
three. 
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trochoid housing versus crank angle. Note that there are two positions around which 
the seal normal force is low and the seal may be subject to lift-off. 
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Table VI-2: Input File RCEMAP . INP for Example 3 
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Table VI-3: Input File ROTARY . INP for Example 3 
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Table VI-4: Input File HHEAT.INP for Example 3 
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Table VI-6: Input File RHEAT.INP for Example 3 
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Table VI-7: Output File RCEMAP.OUT for Example 3 
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CHANGE IN INITIAL INTAKE MAN PRESS (*/.) = 0.61 
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INDICATED POWER, ONE ROTOR (IHP) 
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COMPRESSOR INLET TEMPERATURE CORRECTION = 545.00 deg R 

COMPRESSOR INLET PRESSURE CORRECTION = 13.940 psi 

TURBINE INLET TEMPERATURE CORRECTION = 519.00 deg R 

TURBINE INLET PRESSURE CORRECTION = 14.688 psi 
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Figure VI-5: Mass Fractions v. Crank Angle 



Figure VI-6: Trochoid Housing Temperature Profile 
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Table VII-1: RCEMAP.INP for Example 4 
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Table VII-2: ROTARY. INP for Example 4 
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»> COMPRESSOR OPERATING CONDITIONS 




POWER (hp) = 21.8927 




W 

rr» 


1 











cn 


& 

/-> 

1 CO 

in 

in 

in 

00 

00 

ID 

CD 

ID 

00 

00 

w 


in 

a 

1 00 

m 

LQ 

CN 

CD 

CD 

ID 

to 

CD 

00 

00 

pa 


in 

H 

1 ID 

o 

O 

o 

in 

m 

m 

00 

CN 

tD 

to 

3 


pa 

<u 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

in 


pa 

w 

1 O 

tH 

rH 

t-H 

tH 

Y-f 

T-t 

tH 

t-H 

o 

o 

cn 

w 


p 


1 

1 











2 

P 

x 



1 

1 

1 











Q 




1 












o 



1 











<< 

o 

pa 


1 












’'f 



1 











in 

0 

1 


/—\ 

1 

1 00 

ID 

CN 

o 

00 

m 

00 

tH 

tH 

CN 

N- 



pa 

W 

1 00 

ID 

00 

o 


o 

h- 

tD 

to 

00 

00 

H 


w 


1 ID 

T— l 

o 

o 

m 


CN 




rH 

*3j 


p 


1 CN 

00 

00 

00 

00 

00 

00 

CD 

CD 

00 

00 

pcj 


a 













pa 


w 













pu 

II 

H 


1 











a 




1 











w 

pa 



1 











H 

o 



1 












P5 



1 











fc3 

pa 

S25 


1 











O 

pa 

O 


1 











M 


M 


i a 











H 

« 

H 


1 H 

<a 

cn 

t-H 

CN 

in 

00 

to 

h- 

00 

cn 

<U 

3 



i <t 


< 



CN 





00 

H 

o 

H 


i 











in 

3 

in 


i 












A 

A 

A 



168 



Line of iso-Equivalence Ratio ^ phi = 0.7 
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Figure VIM : Supercharged Engine Map 







Corrected Row Rate (ibm/min) 
(a) Flow Map 






Figure VII-4: Low Pressure Compressor Map for Example 6 







Figure VII-5: Turbine Map for Example 6 
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Figure VII-6: Low Pressure Compressor Operating Line 





Figure VII-7: High Pressure Compressor Operating Line 





Figure VII-8: Turbine Operating Line 
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Figure VII-10: Brake Specific Fuel Consumption 
v. Altitude for Example 6 
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Lift-Off,” SAE paper number 910000, Society of Automotive Engineers, Warrendale, 
PA, 1991. 
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To run TMFT, the user must create an executable version of the source code, then 
create and fill the input files RT.DAT, TMATCH.INP and TURB.DAT. Instructions 
for using the MS-FORTRAN compiler to produce an executable code are presented 
below. Users who already have an executable version of TMFT may skip the next 
three paragraphs and begin reading again in the Inputs section below. 



Table A-2.1: TMFT Source Code Description 
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As previously noted, an available MS-FORTRAN v. 3.3 compiler was used for the 
purposes of this Appendix. Details on the operation of this software may be found 



An appropriate executable filename and any desired libraries are then added in re- 
sponse to LINKer prompts. To LINK TMFT, type the following line at the C:\ prompt: 
LINK TMA+TMB 



the smallest input file. It consists of one line of data containing 
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efficiency file. The last card in each table should read EOT (End of Table). A sample 
for TURB.DAT is listed in Table VII-8, in the main body of the user’s guide. Further 
descriptions of the input file TURB.DAT are provided in Chapter V of this manual. 



Table A-2.3: Example File for TMATCH.INP 
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Table A-2.4: Variables in File TMATCH.INP 
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Outputs 

A sample output file from TMFT is listed in Table A-2.5. The top half of the file is 
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set PHIL = PHIH. 

PHIH Tables V-l and V-2 When TMFT and RCTC are run together, 

set PHIL = PHIH. 
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Table A-3.5: Table Locations of RCE1.INP Variables 
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Table A-4.1: Batch File REBAT.BAT 
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Table A-4.2: Listing of CINIT 
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Table A-4.3: Listing of CTEST 
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rh exh = Cd,exh A ex h Pc v 7c Rc T c y- — Y J l 4 ) 

Ports open linearly with crank angle until fully open, then close linearly with crank 
angle until fully closed as shown in Figure III-l. On Figure III-l, 6 i po and 6 i pc are 
the crank angles at which the intake port begins to open and is fully closed, respec- 
tively. The crank angle increment before the port opens fully is Ad{ p . Similarly for 
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volume are fixed during the cycle. Crevice volume should be based on engine mea- 
surements and crevice temperature equals rotor temperature. The ideal gas relation, 



where N is engine speed (in rpm) and r T is the rotor radius. Non-firing velocity is 
then 



lated assuming isentropic compression and expansion and knowing Pi pc • The authors 
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where k is thermal conductivity, dh is the tube hydraulic diameter, G is the fluid mass 
velocity (fluid mass flow rate divided by tube cross sectional area), /t is the liquid 
kinematic viscosity and cj is the liquid specific heat. Subscript b denotes a property 
evaluated at the bulk liquid temperature and subscript / denotes a property evaluated 
at the film temperature: Tf = 0.5 x ( Tf, + T w ). 
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B-5 Friction and Ancillary Losses 
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The work resulting from the apex seal friction force traversing the seal path for an 
entire cycle is 



Side seals Since the inertial forces on the seals do not influence their normal force on 
the side housings, side seed friction is easier to analyze. Figure III-4 shows a side seal 
schematic and free body diagram. Forces on the side seal include gas pressure force, 
spring force, slot friction force and normal force from the side housing. The normal 




Oil seals Figure III-5a shows a cross section of the oil seal and Figure III-5b shows 
a segment of the oil seal from a top- view. The incremental normal force the oil ring 
segment segment exerts on the side housing has components due to the crank case 
pressure and the oil seal spring. 





Where s c is the distance the oil seal travels. Over one cycle, the oil seal center travels 
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The relations for fuel fuel flow through the portsdepend on the flow direction. Intake 
and exhaust fuel flows jure given bv 



w m 

S3 S3 

a a 


In RCEMAP, the fuel mass fraction, fresh ai r mass fraction and burnt products 
fraction define the combustion chamber composition. Combustion chamber fuel 
fraction, x f = mf/m c , changes with respect to time according to the relation 


Rate of change of burnt products mass fraction, x b , is 



stages are shown in Figure II-5. In the first stage, combustion heat release rate follows 
the relation 




Where m/ )Cyc / e is the total amount of fuel injected per cycle. As explained above, 
fuel is not considered part of the chamber gases until it vaporizes and burns. The fuel 
burning rate is: 



using the ideal gas relation and equation 66 becomes 




Conservation of energy Energy crosses the boundary of the open thermodynamic sys- 
tem of Figure II-4 by means of intake flow, exhaust flow, leakage and crevice flows 
and combustion. The first law is applied to the combustion chamber control volume 
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where m t is manifold efflux to the turbine (or _atmosphere). 

Composition of the gases entering the exhaust manifold is frozen, leading to the fol- 
lowing equation for rate of change of fresh air mass fraction in the exhaust manifold: 
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Figure B-1 : Intake and Exhaust Port Area Profiles 
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Figure B-3: Apex Seal Geometry and 
Free Body Diagram 
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Figure B-4: Side Seal Geometry and 
Free Body Diagram 
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Figure B-5: Oil Seal Geometry and 
Free Body Diagram 




Figure B-6: Typical Compressor Map 
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